Summary. 1) Measured during spontaneous breathing in ten patients with diffuse interstitial lung disease, total pulmonary resistance averaged 3.53 ± 1.56 cm H2O per L per second; airway resistance, 1.63 ± 0.79 cm H20 per L per second; and lung tissue resistance, 1.90 ± 0.95 cm H20 per L per second (range, 0.89 to 3.96). The lung tissue resistance was on an average about four times higher in patients with lung fibrosis than in ten healthy persons of the same age. No significant difference in airway resistance was found between healthy subjects and patients.
Introduction
The disturbances of the mechanics of breathing and pulmonary gas exchange have been extensively studied in patients with diffuse interstitial fibrosis [ (1) (2) (3) (4) (5) (6) (7) (8) (9) and many other more recent authors]. Nevertheless, little attention has been paid to the viscous properties of lung tissue in this disease. Marshall and DuBois (10) observed a slight increase of lung tissue resistance by a plethysmographic method. Possibly owing to the small num-ber of patients examined (three cases), or to their experimental procedure (all measurements were made in panting subjects), no success was achieved in demonstrating any relationship between values for lung tissue resistance and other data of lung function. This study is a further attempt to illuminate the problem of lung tissue resistance and its correlation to other figures of pulmonary function tests in diffuse interstitial lung disease. In contrast to the method of Marshall and DuBois, the total pulmonary, airway, and lung tissue resistance was measured during spontaneous breathing in our experiments.
Methods
Subjects. Ten patients were studied. For the selection the following points were decisive:
1) The histories (progressive exertional dyspnea, nonproductive cough), clinical signs (persistent moist rales over both lungs), and radiological appearances were characteristic. There was no evidence of bronchopulmonary infection.
2) The clinical status showed relative stability; for several weeks at least there were no noticeable changes of signs, symptoms, or X-ray findings.
3) Lung volume measurements by spirometry gave a purely restrictive pattern; in all patients who were cooperating well, the forced expiratory volume over second was 75%o or more of the vital capacity.
4) The alveolar-arterial Po2 difference during hypoxia (fractional concentration of 02 in inspired air, FIO2, = 0.154), from which the components induced by shunts and distribution inequalities were subtracted, was remarkably increased. This alveolar-end capillary gradient seemed to us to be more reliable a criterion for the degree of impairment of diffusion than the 02 or CO diffusing capacity, considering the various hypotheses involved in the Bohr integration and trial and error procedure for calculating the 02 diffusing capacity (11) on the one side, the difficulties in estimating the CO diffusing capacity in patients with unequal distribution (12, 13) on the other side. Of course, the clinical, roentgenological, and physiological alterations mentioned above are not specific signs of "fibrosis," but may also include interstitial pneumonitis (14) and granulomatosis. However, the prolonged histories (2 months to 15 years), the marked decrease of lung volumes, and the stability of the clinical status point to rather fibrotic and advanced forms of diffuse interstitial pulmonary disease designated in this paper as "diffuse interstitial pulmonary fibrosis."
Physical data, duration of symptoms, and results of lung volume measurements are given in Table I. Technics. The lung volumes were determined by spirometry, and the functional residual capacity was calculated with a helium dilution technic. II), total pulmonary and lung tissue resistances were significantly increased (p < 0.001). On the other hand, no significant difference of airway resistance (p > 0.05) between patients with lung fibrosis and normal persons was found. Considering these results, the increase of total pulmonary resistance in lung fibrosis is mainly due to the marked increase of lung tissue resistance. In Figure 1 the volume-pressure relationship of a healthy adult, of a child (11 years old), and of a patient with interstitial lung disease (HG , Table I ) is plotted. The ratio of the dotted area (corresponding with the work done against lung tissue resistance) to the whole area of the volume-pressure loop is much larger in patients with lung fibrosis than in the healthy subjects. Furthermore, the horn-like configuration of the volume-pressure loop is a typical finding in lung fibrosis; neither in healthy adults nor in children with a vital capacity of the same order as that measured in patients with lung fibrosis could a pressure-volume relationship of such a shape be found during spontaneous breathing. The figures characterizing the gas exchange are plotted in Table III (29), i.e., our high values of lung tissue resistance are hardly ascribable to incorrect measurements of airway resistance. Furthermore, it would seem unlikely that the reason for this considerable difference is due only to the individual variations of lung tissue resistance in the patients examined. More probably, the discrepancy is related to the different breathing patterns. To confirm this hypothesis, we made repeated parallel measurements on three patients during spontaneous breathing and during panting. The results are given in Table IV . In all cases much higher values of lung tissue resistance were obtained during spontaneous breathing, whereas there was only a slight change in airway resistance. The explana- Table I1 ; also FRC = functional residual capacity, and f = respiratory rate.
t These results were obtained by a re-examination about 3 months after the first measurements shown in Tables   I-III (after corticosteroid treatment) . t Z.RU. was not listed in Tables I-III. tion of this phenomenon can only be a hypothetical one. On the one hand, it is possible that, by the procedure of panting, only those parts of the fibrotic lung with a low tissue resistance, probably identical with the most compliant parts, are ventilated. On the other hand, keeping in mind the phenomenon of static hysteresis shown by Mead, Whittenberger, and Radford (30) to be dependent on the size of volume change, similar factors may be involved in decreasing lung tissue resistance when subjects pant or breathe with small tidal volumes. It might be possible that with increased stretching of the compliant elements the viscous tissue resistance increases, i.e., that the lung tissue resistance is also a function of the degree of elongation of the compliant elements. This hypothesis would agree with the observation that in persons having small lung volumes (females, children), higher tissue resistances were found than in subjects with large lung volumes (males), although the tidal volumes in all three groups were of the same order.
Reduced lung volumes and a decreased compliance on the one side and a much increased lung tissue resistance on the other are the typical alterations of lung mechanics in our cases of advanced interstitial lung disease; a close interrelationship between the two former and the latter figures seems to exist. The result given in Table II (Figure 2) . Likewise, an inverse nonlinear relationship was found between the lung tissue resistance and the vital capacity, showing an increase of Rt with decreasing vital capacity.
These observations suggest the interpretation that the increase of Rt as well as the decrease of Cdyn (1) is mainly due to the same cause, the diminution of compliant lung tissue, as mentioned by Marshall and DuBois (10) . Moreover, this interpretation is also in good agreement with the observations made in healthy subjects; by likewise plotting the mean values of vital capacity and lung tissue resistance obtained in 18 healthy males, 11 females, and 5 children, we found a vital capacityRt relationship quite similar to that obtained in patients with lung fibrosis (Figure 3) . Nevertheless, although we have taken into account the influence of decreased lung volumes, the lung tissue resistance in pulmonary fibrosis appears to be higher than in healthy subjects with small lung volumes (children). This result becomes apparent in Figure 3 if the vital capacity-Rt relationship of patients is compared with that of normal persons; the lung tissue resistance obtained in children is significantly lower (p < 0.01) than that in patients having a vital capacity of the same order (CE, HG, RD, and MM in Table I ). Therefore, the following conclusions seem to be justified: The increase of lung tissue resistance is mainly due to a diminution of compliant lung tissue, but in addition, other factors, such as the pathological alteration of tissue viscosity caused by the augmentation of connective tissue and the infiltration of cells, seem to have a part in increasing lung tissue resistance in diffuse interstitial pulmonary fibrosis.
On the assumption that the increase of Rt was due to a diminution of normally functioning lung tissue, an augmentation of interstitial tissue, and thickening of the alveolar membranes, one would expect a relationship between the lung tissue resistance and the impairment of 02 diffusion (due to the decrease of the capillary blood volume and to the membrane thickening). By a statistical comparison, however, no correlation was found between Rt and the alveolar-end capillary Po2 gradient in hypoxia nor between other figures characterizing the disturbances of pulmonary gas exchange. With regard to the parallel variations of Rt and the elastance shown in Figure 2 , our results are in accord with previous studies in which no close correlation, either between the compliance of the lung and the arterial desaturation (2) or between the compliance and the diffusing capacity measured by the single breath CO method, could be obtained (31) . On the one hand, we have shown patients (ZR, MM in Tables II and III) with most severe disturbances of the mechanical properties of the lung accompanied by an only slightly increased end capillary gradient; on the other hand, moderate mechanical disorders may be combined with a severe impairment of diffusion (CE), as can be seen in Figure 4 . Although it is possible that the end gradient may be due in part to a decrease of capillary volume, the membrane thickening appears to be a more important factor, for, in our experiments, the influences of the possibly altered circulatory dynamics are probably of little importance considering the methodological procedure (all patients were studied at rest) and the absence of any clinical sign pointing to a con- No close correlation was found between these two figures. Stippled area = normal subjects. siderable pulmonary hypertension, which would be present in cases with a marked decrease of capillary volume. Therefore, based upon the results of Figure 4 and provided that the alveolarend capillary Po2 gradient in hypoxia reflects essentially the membrane component limiting the 02 diffusion, the hypothesis suggested by West and Alexander (2) seems to be reasonable, namely, that the pathological changes influencing the mechanical properties and the pulmonary gas exchange may act at different planes, i.e., the thickening of the blood-gas barrier may be independent of the increase and thickening of the fibrous framework responsible for the stiffening of the lung.
